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§6. Mechanism of Hydrogen Pumping by Nb 
Membrane under Sputtering 
Hatano, Y., Watanabe, K. (HRC, Toyama Univ.) 
Nakamura, Y., Ohyabu, N. 
Metallic membranes covered by adlayers of 
non-metallic impurities such as oxygen have enormous 
permeability for atoms and ions of hydrogen isotopes. 
Hence, such membranes can be applied for particle control 
in fusion devices. The reduction in the impurity coverage 
by sputtering, however, degrades the permeation 
capabilities. The present authors have reported that oxygen 
doping in the bulk of a Nb membrane is effective to sustain 
the permeability under sputtering due to continuous surface 
segregation of oxygen. Prolonged sputtering, however, led 
to the degradation of permeability owing to the reduction in 
the oxygen concentration in the membrane. This 
observation indicates that periodic oxygen doping is 
required as a maintenance work to keep the good 
permeability. One of the key factors determining the 
intervening period between oxygen doping treatments is 
the sputtering yield of oxygen on membrane surfaces. The 
purpose of the present study is to develop an experimental 
technique to evaluate the sputtering yields of oxygen 
segregating to the surface of membrane materials. 
The specimen used was the membrane of 
polycrystalline Nb of 0.1 mm thickness. First, the Nb 
membrane was loaded with oxygen to various bulk 
concentrations Cox from 0.03 to 1.5 at%, and the 
correlation between Cox and the sticking coefficient of H2, 
a, was examined by permeation experiments on account 
that a could provide a measure of non-destructive 
evaluation of Cox- Then, Cox was adjusted to 1.5 at%, and 
sputtering was carried out by hydrogen plasma at 1113 K. 
The bias voltage and ion current density were adjusted to 
600 eV and l.l rnA/cm'. The sputtering was periodically 
interrupted, and a was measured to evaluate the reduction 
in Cox. The sputtering yield was estimated from the 
number of incident hydrogen ions and that of removed 
oxygen atoms. 
Fig. I shows the temperature dependence of a after 
sputtering for given periods of time (filled symbols) along 
with that observed for specimens of various oxygen 
concentrations (open symbols). Open symbols evidently 
show that a was strongly dependent on Cox; a decreased 
radically with increasing Cox. Hence, it was concluded that 
non~destructive evaluation of bulk oxygen concentration is 
possible by measuring a. As mentioned above, the 
sputtering was started at Cox = 1.5 at%. The sticking 
coefficient a increased with sputtering time as shown by 
the filled symbols in this figure. 
The change in Cox with sputtering time Is thus 
measured is shown in Fig. 2. The bulk oxygen 
concentration decreased with increasing Is. This plot is 
roughly approximated by a single straight line, indicating 
that the sputtering yield and oxygen surface coverage kept 
almost constant value in the range of Cox from 1.5 to 0.058 
at %. The sputtering yield of oxygen p can be evaluated 
from the slope of the plot by the following equation: 
-dCox / dl,= p"l/>." N If" h (I) 
where I/>. is the incident flux of ions,fthe factor to convert 
the bulk oxygen concentration from at% to atoms/em3, h 
the thickness of membrane, and N the number of protons 
contained in incident ions, i. c. N = 1 for H\ 2 for H/ and 
3 for H,+ By assuming N= I, pwas evaluated to be 0.036. 
The abundance ratio of H+, H2+ and H3+ in the plasma, 
however, was not measured because operation of mass 
spectrometer during discharge was difficult due to its 
geometrical configuration. Hence, the value of p can range 
from 0.012 (for each proton in H,l to 0.036 (for Hl. 
Surface analysis with Auger electron spectroscopy showed 
that the oxygen coverage tbx was close to unity at Cox = 
1.5 at%, indicating the above-mentioned values of p 
correspond to those at tbx ~ I. The values of sputtering 
yield thus obtained were in reasonable agreement with the 
result of computer simulation. 
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Fig.1 Change in a with bulk oxygen concentration and 
sputtering time. 
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Fig. 2 Change In bulk oxygen concentration with 
sputtering time. 
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